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STUDIES ON THE BIOCHEMISTRY OF SULPHUR 


IV. THE COLORIMETRIC ESTIMATION OF CYSTINE IN CASEIN BY 
MEANS OF THE BETA-NAPHTHOQUINONE REACTION * 


One of the greatest problems in the field of nutrition has been, 
and is, the quick and reliable estimation of the different amino acids 
of tissue and foodstuffs. Methods for isolating the individual amino 
acids have been greatly improved, but such methods are more or less 
tedious and are in general fraught with danger of great loss. 
Consequently, the desirability of quick and highly specific reactions 
for the various amino acids has long been recognized in the field of 
biochemistry. Excellent color reactions have been devised, in fact, 
for some of the amino acids, tryptophane for example; and attempts 
to obtain highly specific reactions for other amino acids are growing 
apace. 

Among the 19 or more amino acids found in the protein molecule 
the sulphur-containing amino acids, cystine and cysteine, now stand 
in the forefront of biochemical investigation. Thus, since the dis- 
covery by Wollaston (1810) of a urinary calculus containing pre- 
dominantly a substance which he called cystic oxide, which was later 
called cystine, the presence of free cystine in the urine, and even in 
certain tissues in the abnormal condition known as cystinuria, has 
been noted. In recent years it has been found that cysteine and 
cystine as such or combined, as for instance, with glutamic acid to 
form, respectively, reduced glutathione and oxidized glutathione 
(shown by Hopkins (1921) to be so important for cellular oxidation- 
reduction), play a very important réle in nutrition, in the inner metab- 
olism of the body, in cellular respiration, oxidation and reduction, 
and in biochemical defense. More recently still, insulin, the pancre- 
atic hormone regulating sugar metabolism, has been found to be a 
cystine complex (Du Vigneaud 1927), and evidence has been accumu- 
lated by Sullivan and Smith (1928) that compounds related to 
cystine play a part directly or indirectly in the activity of the pos- 
terior pituitary. 

In view of the importance of cystine as indicated above, the use- 
fulness of a highly specific test for cysteine and cystine is obvious, 
especially if it can be used quantitatively. 





1 EDITORIAL NOTE.—Frevious studies of this series were published in Public Health 
Reports and reprinted. ‘They are included in the list of references at the end of this 
article. 
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Such a test has been described in publications from this labor- 
atory (Sullivan 1924, 1926, 1929; Sullivan and Hess 1929) wherein 
it is shown that cysteine reacts with 1.2 naphthoquinone-4-sodium 
sulphonate in an alkaline reducing atmosphere to give a red color 
which is so specific for cysteine that it requires three free groups 
SH, NH,, and COOH for a positive outcome. The test is primarily 
a cysteine test; but with proper attention to details it can be used 
for the estimation of substances which yield cysteine by reduction, 
by hydrolysis, or by a combination of these processes. By the 
use of sodium cyanide as a reducing agent to convert cystine 


CH,S——-SCH, CH,SH 
CHNH, CHNH, to\cysteine OHNE, 
cooH COOH COOH 


it was found possible to determine cystine quantitatively in mix- 
tures of other amino acids and thio-compounds, provided the stand- 
ard was cystine similarly treated. In previous publications (1926, 
1929) reference is made to substances, organic and inorganic, which 
might interfere in the cysteine and cystine color reactions, and means 
of overcoming these interferences are given. 

If the reaction is performed in the presence of buffer mixture up 
to pH 11.7 the color produced by cysteine, the naphthoquinone, and 
sodium sulphite is more violet, especially on heating, and is dis- 
charged to yellow on addition of sodium hyposulphite (Na,S,0O,), 
formerly called sodium hydrosulphite. Further carrying on the pro- 
cedure with heating, especially in the presence of the higher buffer 
solutions, tends to give a violet color with cystine as well as with 
cysteine. The use of our naphthoquinone cysteine reaction in slightly 
alkaline media, however, has been employed with satisfactory results 
by Hunter and Eagles (1926) to differentiate cystine from gluta- 
thione in extracts of pig liver. The reaction, however, is best done in 
a strongly alkaline medium, the procedure for which will presently 
be shown. 

Since there was at hand a highly specific colorimetric method for 
the estimation of cysteine and cystine, the question arose as to its 
application to the determination of cystine in foodstuffs. Some 30 
proteins have been examined with, in some cases, marked variations 
from the findings given in the literature. The truth of our findings 
has been checked by means of other methods and in some cases by 
feeding experiments. The results with pure proteins will be pub- 
lished shortly. Much attention was paid to casein, since it has long 
been employed as the basal protein in feeding experiments and since 
more or less variation occurs in the literature dealing with its cystine 


content. 
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The methods employed in determining cystine in casein have been 
(1) estimation of the lead-blackening sulphur, as done by Fleitmann 
(1848), Osborne (1900), Mérner (1901); (2) direct isolation of 
cystine in casein (Mérner, 1901); (3) estimation of the organically 
bound sulphur in the phosphotungstic acid precipitate of the hy- 
drolyzed casein as first done by Van Slyke (1911); (4) Okuda’s 
bromate method (1919) and iodate method (1923, 1925); (5) the 
colorimetric method of Folin and Looney (1922); (6) feeding 
experiments (Sherman and Woods, 1925). 

In the present paper the desire is not to dwell on the merits of 
other methods, but rather to show the application of the naphtho- 
quinone procedure, which, in tests with over 100 compounds, has 
been found to have a remarkable specificity for cysteine directly 
or for cystine after reduction. As previously pointed out (Sulli- 
van, 1929), the cysteine reaction and the reaction modified to in- 
clude cystine are in reality two entirely different procedures. In the 
cysteine procedure the control should be cysteine and in the cystine 
procedure the control should be cystine. The cystine method is the 
one that, must be used for hydrolysates which, in general, contain only 
cystine. For hydrolysates, as will be shown in detail later, certain 
modifications must be made to take care of the buffering activity of 
the neutralized hydrolysate. 

The casein used in most of the work was a clear, white, finely 
ground grain curd commercial casein after Clark et al. (1920) from 
the stock supply of Surg. Joseph Goldberger as used by him in 
feeding experiments with animals in his study of pellagra (1925). 

Of the commercial sample, batches under different treatment were 
used for cystine. These batches were (1) crude casein; (2) leached 
casein made by leaching 5 pounds of casein for one week with 
8 to 10 gallons of 0.2 per cent acetic acid, etc., as recommended by 
McCollum (1922); (8) leached and extracted casein made from 
leached casein by percolating first one week with alcohol and then 
one week with ether. The treated caseins were dried in a current 
of air at about 80° C. 

As previously stated, the cysteine reaction requires a high final 
alkaline reaction. The first attempts at estimating cystine in casein 
hydrolysates were practically negative. The reason for the failure 
was found to be due to the fact that the amount of alkali which 
would work satisfactory with cystine in 0.1 N hydrochloric acid 
was not enough to overcome the buffering action of the hydrolysate. 
The addition of more alkali to the reaction mixture overcame this 
difficulty and gave rather constant and apparently satisfactory 
results. 
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Procedure with hydrolysates.—Various amounts of casein from 1 
to 10 grams have been hydrolyzed. The 5-gram samples are best, in 
general, since the final volume of solution prepared for colorimetric 
work is sufficient to give several tests and to allow comparison with 
the Okuda and the Folin-Looney methods. The 5 g. of casein? and 
15 to 20 c. c. of 20 per cent hydrochloric acid are put into a small 
acetylation flask, fitted with ground glass reflux. The flask then is 
placed in a crisco bath, the heating started, and hydrolysis run for 
six hours,® counting from the time the bath reaches 125° C. The in- 
side temperature of the hydrolysate runs about 106° C. The black 
mixture is poured out into a 100 c. c. beaker, and, with washings with 
distilled water, made to about a 10 per cent acid. The combined mix- 
ture is decolorized by warming with purified (acid extracted) decol- 
orizing carbon, 2 grams in case norite is used, as was our practice, or, 
better, 0.4 gram carboraffin, which is now our practice. The mixture 
is filtered on a small Buchner funnel, and the residue on the paper is 
extracted with 15 c. c. of hot N hydrochloric acid and then washed with 
15. c. of cold N acid. The combined filtrates are neutralized with 5 N 
sodium hydroxide added dropwise with stirring until the pH is about 
3.5; that is, yellow to thymol blue, green blue to brom phenol blue, 
and made to 100 c. c. by means of 0.1 N hydrochloric acid. 

Colorimetric estimation.—To 5 c. c. of the neutralized hydrolysate, 
brought to a definite volume and with the temperature of the solu- 
tion not under 20° C., add (A) 2 ¢.c. of 5 per cent aqueous sodium 
cyanide, mix, and wait 10 minutes; add (B) 1 c.c. of 0.5, per cent 
aqueous 1.2 naphthoquinone-4-sodium sulphonate, mix by shaking 
for 10 seconds; add (@) 5 ¢.¢. 10 per cent sodium sulphite in 0.5 N 
sodium hydroxide, mix, let stand 30 minutes,t add (D) 2¢c¢c5N 
sodium hydroxide,’ mix and add (/) 1c. ¢. of a 2 per cent sodium 
hyposulphite in 0.5 N sodium hydrexide. Compare with 5c. c. of a 
cystine standard, 100 or 200 parts per million in 0.1 hydrochloric 
acid, similarly treated. The standard and unknown should be close 
together in colorimetric reading. On adding the sodium hyposulphite 





2 With small amounts of material, 1 gram has been used. The sample is mixed with 
5c. ¢. of 20 per cent hydrochlorie acid and put into the oil bath and hydrolyzed 6 hours. 
The mixture is poured out and, with washings with distilled water, made to 10 ¢. «. 
decolorized, neutralized, and brought to about 25 c. c. with 0.1 N hydrochloric acid, and 
colorimetric determination made as soon as possible. Later, work with 1-gram samples, 
with and without the formation of humin, will be reported on. 

*Since hydrolyzing for 6 hours gave as good results as longer periods of hydrolysis, 
the 6-hour hydrolysis was used in the casein work. 

*In previous work with less complicated mixtures, 15 minutes were allowed for color 
development. In work with hydrolysates of foodstuffs it was found that short time 
development of color favored the hydrolysates over the standard. The procedure there- 
fore now calls for 30 minutes for color development. 

5 In the hydrolysates containing material buffering agaiust alkali, such as casein hydroly- 
sates, step (D) is necessary to bring the reaction to a sufficiently high degree of alkalinity. 
With pure ‘wool, step (D) is unnecessary. The colorimetric procedure should be run with 
and without step (D). In cases where the colorimetric results indicate that step (D) is 
not beneficial or necessary, it can be left out. 
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(Na,S,O,) the brown red color developed in the cystine-containing 
solution is changed to a more vivid red, if cystine is present to the 
extent of 100 parts per million or over. Weaker solutions tend 
toward orange. Other substances in protein hydrolysates may show 
color in the first stages of the reaction, but this color in the absence 
of cystine or cysteine is discharged to yellow by the hyposulphite. 

Associated details—In the determination of cystine by means of 
the naphthoquinone reaction certain points must be considered. 
The reagents must be of a high degree of purity. The 1.2 naph- 
thoquinone-4-sodium sulphonate should give only a pale yellow 
color when 2 c.c. of a 1 per cent aqueous solution are treated with 
the reagents used in the testing for cystine or cysteine. Samples 
agreeing with Folin’s (1922) test for purity have been found satis- 
factory in our work. The cyanide should be at least 95 per cent 
sodium cyanide and practically free from iron. Then the sample of 
sodium hyposulphite (Na,S,O,) must have good reducing power. 
This compound tends to decompose more or less, especially in con- 
tact with air, and so it is necessary to evaluate it from time to time. 
The reducing power of the samples was tested by their power to 
reduce sulphonates of indigo, pure samples of which were at hand 
from previous work (Sullivan, Cohen, and Clark 1923); and for 
quick quantitative estimation of the sodium hyposulphite, use was 
made of the procedure described by Bruhns (1920) and by Chris- 
tiansen and Norton (1922). The samples used were commercial 
samples containing approximately 80 per cent sodium hyposulphite. 
It has been found that the use of cleaning mixture for washing 
out tubes and glassware may be dangerous. For cleaning purposes, 
reliance is put on thorough rinsing with hot distilled water. The 
presence of reducing material, such as hydrogen sulphide, is to be 
avoided, since it interferes with the progress of the color reaetion. 

Results with casein.—With cystine taken from stock and dis- 
solved in 0.1 N hydrochloric acid to make a 200 parts per million 
solution as standard, the average cystine content of the hydrolysate 
of commercial casein was 0.28 per cent; of leached casein, 0.28 per 
cent; and of leached and extracted casein, 0.26 per cent. These are 
not corrected for moisture and ash. 

The agreement in the cystine content of this lot of commercial 
casein untreated and the commercial sample stirred with a large 
volume of 0.2 per cent acetic acid and leached indicates that this 
commercial sample contains little if any lact-albumin which, accord- 
ing to Jones, Gersdorff, and Moeller (1924) contains about 4 per 
cent cystine. 

With other later samples of commercial casein from different 
sources, occasionally high cystine yields were obtained from the 








6 STUDIES ON THE BIOCHEMISTRY OF SULPHUR—IV 


hydrolysate indicative of the presence of some lact-albumin as an 
impurity since the same casein thoroughly leached with dilute acetic 
acid gave about 0.28 per cent cystine. In testing out various samples 
of casein from various sources and various treatments, such as con- 
tact with dilute alkali, baking, etc., considerable differences in the 
cystine content were obtained. In fact, variations from 0.15 to 0.50 
per cent were found, and the same relative variations were mani- 
fested by the use of the Okuda iodometric method (1925) and the 
Folin-Looney (1922) colorimetric method. The possibility that wide 
variations in the results of feeding experiments with animals may 
occur with casein of different cystine content as a basal protein is 
something to which attention should be paid. In short, in feeding 
experiments only purified casein of a known cystine content should 
be used. A number of feeding experiments which employ yeast in 
relatively small amounts to furnish the antineuritic principle and 
use growth or weight change as the criterion of the presence or 
absence of certain vitamins may possibly be explained simply on a 
cystine basis. 

The figure 0.28 per cent cystine as given by leached casein, 
which is a satisfactory casein, agrees with the cystine content of 
casein as given by Van Slyke (1913), Folin and Looney (1922), 
Jones, Gersdorff, and Moeller (1924). It is less than that estimated 
by Gegenheimer (1925), 0.51 per cent, uncorrected, determined by the 
estimation of organically bound sulphur in the phosphotungstic acid 
precipitate of the hydrolyzed casein and far less than the amount 
judged to be in casein by Sherman and Woods (1925) in feeding 
experiments, by means of which these workers compute the cystine 
content of casein to be between 1.2 and 2.5 per cent. 

The figures 0.26 to 0.28 per cent cystine were obtained by using 
unheated “non-norited” cystine as a standard. Such a standard 
seems to be the customary one. Aside from its value as giving com- 
parative figures from foodstuff to foodstuff, it would seem that such 
a standard is open to question. The real standard for use in cystine 
determination is cystine put through the same procedure as the food- 
stuff in question, with the same salt content,° etc. The figures 0.26 
to 0.28 per cent, therefore, are offered merely as the percentage of 
cystine found in the hydrolysate of casein. These figures, although 
they may not be strictly correct, appear interesting because they 
agree fairly well with those found by others. To determine the 
actual cystine content of casein, correction must be made for loss in 
reactive cystine as a result of heating with acid, humin formation, 





*In a critical study of the color development, evidence is accumulating that the initial 
reaction of the solution to be tested and its salt content, especially if high, considerably 
influence the color obtained in the cystine procedure, Accordingly, standard and unknown 
should be close together in reaction and in salt content. 
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decolorizing, neutralizing, etc. The making of these corrections is 
more difficult than was anticipated, but still the attempt is being 
made. 

Loss of cystine in boiling with acids—The investigations of 
Morner (1899), Rothera (1905), and Neuberg and Mayer (1905) in- 
dicate that cystine is changed to an isomeric form during acid 
hydrolysis, while that of Van Slyke (1911) and of Plimmer (1913) 
suggested more or less destruction. Denis (1911), by precipitation 
methods, found some destruction of cystine on boiling with acids. 
Hoffmann and Gortner (1922) made a detailed study of the effect of 
acid on cystine and showed that only a small amount, approximately 
10 per cent, of the cystine is decomposed during prolonged boiling 
with acid. They did find that cystine is changed gradually into a 
form that is optically inactive. In short, the boiling with acid 
racemizes the cystine into a more soluble form, less readily pre- 
cipitated by phosphotungstic acid. ; 

To determine the effect of boiling with acids, 20 to 30 mg. of 
cystine were boiled on a hot plate six hours with 20 per cent hydro- 
chloric acid in a flask with reflux and cork connection, and the solu- 
tion was compared with the same quantity of unheated cystine, in 
the same strength of acid, with similar treatment as regards neutral- 
ization and dilution, and with the same colorimetric procedure. The 
average recovery of cystine after boiling with 20 per cent hydro- 
chloric acid was 94.1 per cent by the naphthoquinone procedure and 
96.35 per cent with use of the Folin-Looney reagents. Even less loss 
of cystine was later found when the heating was done in all-glass 
vessels, ground glass reflux, and in crisco bath at 125° C. 

The color reaction of cystine of different optical properties—Our 
work indicates a slight loss in cystine as a result of boiling with 
acids. This loss is not due to racemization, since the laevo rotatory 
and racemic cystine behave alike in our reaction. This point was 
proved by taking three samples of cystine of different optical prop- 
erties, given us by Dr. J. C. Andrews, who has made an extensive 
study of the optical activity of cystine (1925). These samples (A) 
with a specific rotation of —215.5°, (B) —149°, and (@) racemic 
form, gave the same tint and intensity of color when 5 c. c. of a 200 
parts per million solution in 0.1 N hydrochloric acid were matched 
against our sample which had a specific rotation of —205°. 

Similarly, practically identical agreement in the four samples was 
obtained by the Folin and Looney reagents in the procedure found 
best in our hands; that is, 10 minutes action of the sodium carbonate 
sodium sulphite mixture before adding the uric acid reagent and 10 
minutes wait before diluting to 100 c. ¢. 
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Effect of hydrolizing and decolorizing with norite on cystine deter- 
minations.—On dissolving 35 mg. of cystine in 25 c. c. of 20 per cent 
hydrochloric acid, boiling for six hours, diluting with 25 c. c. of water, 
treating with 5 g. of norite, extracting the norite once with 25 c. c. N 
hydrochloric acid, combining filtrate, neutralizing, etc., the procedure 
that casein went through, the average recovery of cystine as com- 
pared with the same amount of cystine unheated and untreated with 
norite, was 75.5 per cent. 

Correction of cystine determination—If the cystine content as 
found for casein, 0.26 to 0.28 per cent, be corrected for the percentage 
recovery of free cystine put through the procedure of hydrolysis, 
decolorization, etc., that casein was put through, the percentage 
content of cystine in air-dried casein, with a moisture content of 
9.33 per cent, becomes 0.34 to 0.37 per cent. 

This correction supposes that the loss of cystine in heating with 
acid and decolorizing with norite is the same for the casein as for 
free cystine. The validity of this assumption in the case of norite 
was made questionable by the use of carboraffin, a decolorizing agent, 
recently secured, of a considerably greater efficiency than norite. 
With the diluted dark casein hydrolysate, 0.5 of a gram of carboraffin 
was found as efficient in our experiments as 2 g. of norite. With 
the use of carboraffin as a clarifying agent, the colorimetric estima- 
tion of cystine in casein as found by seven consecutive determinations 
still showed about 0.28 per cent when matched against an unheated, 
nondecolorized standard. The average recovery of 25 mg. of cystine 
put through the procedure was 23.3 mg., or 93.2 per cent. Using this 
recovery of cystine as correction, the cystine content of casein becomes 
about 0.30 per cent. 

Recovery of cystine added to leached casein.—To test out this ques- 
tion four flasks were set up: Flasks 1 and 2 containing 5 g. of casein; 
flask 3 containing 5 g. of casein plus 25 mg. of cystine; and flask 4 
containing 25 mg. of cystine. To each flask was added 20 c. c. of 20 
per cent hydrochloric acid. The flasks were placed in an oil bath and 
brought to 125° C. and kept at this temperature six hours. Each 
flask was washed out and diluted to 40 c. c., decolorized by means of 
0.5 g. of carboraffin, and filtered. The carboraffin was then mixed 
into 10 c. c. of N hydrochloric acid and brought to gentle boiling, 
filtered, and washed with 10 c. c. of N acid. The respective combined 
filtrates were neutralized with 5 N sodium hydroxide to about pH 
3.5. The solutions were then brought to 100 c. c. with 0.1 N hydro- 
chloric acid. 

Matched against a 100 part per million cystine standard, unheated 
and without treatment with carboraffin, the casein gave 0.26 per cent 
cystine. 
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Matched against a 200 part per million standard, No. 4 (the 
cystine put through the procedure of heating, decolorizing, etc.) 
gave 83.5 per cent recovery. This is a lower recovery than usually 
obtained, but the experiment suffices for the present purposes. If 
this correction is applied to casein, the cystine content of the casein 
becomes 0.31 per cent. 

With cystine unheated and not treated with carboraffin as standard, 
there was found 34.8 mg. of cystine in No. 3, 5 g. of casein plus 25. 
mg. of cystine. Subtracting 18 mg. found in 5 g. of casein (flasks 
1 and 2) gives 21 mg. of cystine recovered, or 84 per cent. Since 
cystine alone put through the procedure shows only 83.5 per cent 
recovery, the recovery of cystine added to casein is the same as cystine 
alone put through the procedure. 

With No. 4 or cystine put through the procedure of heating, 
treating with carboraffin, etc., as standard, No. 3, casein plus cystine 
showed the presence of 41.66 mg. Subtracting the 25 mg. added 
gives 16.66 mg. of cystine in 5 g. of casein, or 0.33 per cent, a finding 
which closely parallels the findings on casein alone corrected for loss 
of cystine put through the procedure. 

Hydrolysis without humin formation.—Several reasons suggested 
the avoidance of humin formation. First of all, it was desired to 
get rid of decolorizing agents. Then, from lines of work which 
can not be given here, it was apparent that in acid hydrolysis of 
foodstuff oxidation reactions obtained more or less. It was feared, 
further, that the reactive material liberated in the ordinary hydroly- 
sis would combine with cystine to make it nonreactive in the cysteine 
reaction which seems as far as the evidence goes to be tied up with 
the presence of three groups; the sulphydryl group, the amino, and 
the carboxyl group on closely related carbon atoms. According to 
Roxas (1916), cystine gives more or less humin when hydrolyzed 
with acid in the presence of carbohydrates. 

In this regard it may be stated that cystine added to a crude 
casein and hydrolyzed could not be determined colorimetrically, 
while the cystine liberated from the casein could be so determined. 
When the casein, however, was purified by thorough leaching with 
dilute acetic acid, both the bound cystine and the added cystine were 
determined. These findings can be interpreted as indicating that in 
the case of the crude casein decomposition products, from lactose or 
other leachable compounds, arising early in the hydrolysis tie with 
the free cystine while the cystine in the casein is protected. 

While the question of the relation of humin to cystine determina- 
tions was under scrutiny, it was found possible to hydrolyze casein 
with acids in a reducing atmosphere with little if any humin forma- 
tion, certainly no acid insoluble humin, and with a slight degree of 
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coloration. At first metallic zinc and tin were used and later stan- 
nous chloride and titanous chloride. 

The use of stannous chloride to check humin formation was ar- 
rived at independently. When a search of the literature was made, 
however, it was found that Hlasiwetz and Habermann (1873) had 
used stannous chloride to check humin formation in the acid hy-— 
drolysis of casein. Our procedure closely followed theirs. 

Our results with hydrolysis in presence of stannous chloride and 
titanous chloride (1 ¢. c. of 20 per cent TiCl, to 5 g. casein plus 15 
c. c. 20 per cent hydrochloric acid) have been somewhat variable; but 
recent work indicates that titanium can be used to advantage. The 
indications with the use of these substances, especially with tita- 
nium, are that the cystine content of casein is appreciably higher 
than that found in the ordinary procedure. The tin method has the 
disadvantage that before treatment with hydrogen sulphide, to get 
rid of tin, the solution has to be greatly diluted with water and that 
subsequently this diluted solution, freed from tin, must be concen- 
trated to a small volume. The concentrating is time taking and 
apparently fraught with danger of loss of cystine. The tin pro- 
cedure as done to date is not considered as useful as the titanium 
treatment. The titanous chloride (TiCl,) has been found, in fact, 
easier to handle, since with careful treatment with 5 N sodium 
hydroxide, added dropwise with stirring, the titanium precipitates 
out as a bluish precipitate readily filtered by suction. The titanous 
chloride is apparently little oxidized in the procedure. The filtrate 
which is as a rule slightly yellow is brought to about pH 3.5 and 
made to volume. 

The drawback in the titanium treatment is that the filtrate may 
contain cystine alone, cysteine alone, or, oftener, a mixture of the 
two which makes the question of standard debatable. In the case 
of casein treated with titanium, blowing air through the solution 
speedily converts the cysteine to cystine. Pure cystine put through 
the titanium treatment always gives a cysteine containing filtrate 
difficult to oxidize by air. With the use of titanous chloride, how- 
ever, to stop humin formation, with little if any cysteine in the 
filtrate, a number of analyses have given results which indicate 
about 0.57 per cent cystine in casein, when matched against a cystine 
standard not heated or treated with titanium. That this is the right 
answer is not yet assured, since a number of points have to be con- 
sidered such as the action of traces of titanium in accelerating the 
cystine and cysteine reactions, salt effects, etc. Attention is being 
devoted to these questions which will be discussed in a later paper. 

Withholding judgment for the present as to the value of the 
titanium hydrolysis in cystine determination pending the results 
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of an intensive study of the question, the conclusion can be drawn 
from the normal method—hydrolyzing, decolorizing, neutralizing, 
etc.—and with untreated cystine as standard, that the apparent 
cystine content of purified casein is 0.28 per cent. When the stand- 
ard is cystine put through the same procedure that casein goes 
through the cystine content of leached casein becomes 0.30 per cent. 
These figures are not corrected for moisture and ash. 


SUMMARY 


A procedure is given for the application of the highly specific 
cysteine color reaction, modified to include cystine, to the quantita- 
tive estimation of cystine in casein. 

When the standard was pure cystine directly dissolved in 0.1 N 
hydrochloric acid, the cystine content of casein purified by heating 
with dilute acetic acid was found to be 0.28 per cent (uncorrected 
for moisture and ash). 

When the standard was cystine put through the same procedure of 
heating treatment with decolorizing agent, neutralizing, etc., that the 
casein went through, the cystine content of the casein was found to 
approximate 0.30 per cent (uncorrected for moisture and ash). 

Crude casein and casein under different treatments were found to 
vary greatly. 

The loss of cystine in the ordinary procedure of hydrolyzing, de- 
colorizing, etc., is mainly in the use of decolorizing agents. 

The formation of the dark colored humin, acid soluble and acid 
insoluble, was checked by conducting the hydrolysis in a reducing 
atmosphere such as furnished by stannous chloride and titanous 
chloride. Titanous chloride seems more useful for the prevention of 
humin, since it can be precipitated out by neutralization. The find- 
ings with titanium are slightly higher than without its use; but pend- 
ing the study of the effects of high salt content, traces of titanium, 
etc., on the color development, these findings are left open to future 
interpretation. : 
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